IMPORTANCE Severe sepsis and septic shock are major causes of mortality in intensive care unit (ICU) patients. It is unknown whether progress has been made in decreasing their mortality rate.
positive phase 2 studies and highly supportive animal studies. These failures have led to a sense that little progress has been made in decreasing the mortality of severe sepsis 18, 19 and a view that improvements are unlikely. However, the accuracy of these negative views has not been tested in a large population of intensive care unit (ICU) patients with severe sepsis. Accordingly, we sought to estimate trends in mortality in a large cohort of patients with severe sepsis from 2000 to 2012. We hypothesized that mortality rates have decreased significantly over the last decade.
Methods
We conducted a retrospective study using data from the Australian and New Zealand Intensive Care Society adult ICU patient database 20 run by the Centre for Outcome and Resource
Evaluation. The study was approved by the Alfred Hospital human research ethics committee, Melbourne, Australia, with a waiver of informed consent. Population data were retrieved from the Australian Bureau of Statistics 21 and Statistics New
Zealand.
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Description of Patients
We included all patients fulfilling the criteria of severe sepsis during a 13-year period from January 1, 2000, to December 31, 2012 . For comparison, we estimated trends in outcome for all other patients in the adult patient database. We analyzed all hospital outcomes (mortality, discharge home, discharge to other hospital, and discharge to rehabilitation). Discharge to rehabilitation included discharge to rehabilitation facilities and chronic care facilities such as nursing homes. Patients were analyzed in the following subgroups: presence of a comorbidity as defined by the Acute Physiology and Chronic Health Evaluation (APACHE) II 23 or APACHE III 24 classification system, severe sepsis, septic shock, medical admission, operative admission, respiratory failure, renal failure, APACHE II score 25 or greater, 3 APACHE III score quartiles (Q1 denotes the lowest score quartile and Q4 denotes the highest score quartile), age groups (≤44, 45-64, 65-84, ≥85 years), APACHE III admission diagnosis of sepsis (other than urinary tract infection), sepsis of urinary tract infection, sepsis with shock (other than urinary tract infection), and sepsis of urinary tract infection with shock. We further analyzed mortality in younger patients to evaluate its evolution in presumably previously healthy patients. Younger age was defined as 44 years or younger according to the APACHE systems.
23,24
Definition of Sepsis 
Statistical Analysis
Data are presented as percentages and numbers, means with SDs, medians and interquartile ranges (IQRs), or proportions and 95% CIs. Accordingly, χ 2 tests for equal proportion, t tests, or Wilcoxon rank sum tests were used to test differences. To account for the change in incidence in severe sepsis over the duration of the study period, each patient's risk of presenting at ICU with severe sepsis (ie, risk of being septic) was determined using a logistic regression model (eMethods and eTable 1 in the Supplement).
To investigate the change in hospital outcomes over time for all ICU patients, logistic regression models were used, fitting main effects for severe sepsis, year of admission, APACHE III risk of death, and each patient's risk of being septic, with patients nested within site and site treated as a random effect. To ascertain if the change in outcome over time differed between severe sepsis and nonsepsis patients, an interaction term between severe sepsis and year of admission was fitted with year of admission treated first as a categorical variable and then as a continuous variable.
To more closely examine the change in hospital outcome over time, specifically among the severe sepsis population, a 3-stage multivariable modeling process was used. Full details of the analysis are presented in the eMethods in the Supplement.
All logistic regression results have been reported as odds ratios (ORs) and 95% CIs. Given a large database (>1 000 000 ICU patients, >100 000 sepsis patients), in order to more closely Copyright 2014 American Medical Association. All rights reserved.
align clinical and statistical significance, a 2-sided P value of .001 was used for variable inclusion and to indicate statistical significance.
To examine hospital length of stay for nonsurviving severe sepsis patients, length of stay was log-transformed and analyzed using mixed linear modeling, adjusting for patient severity and risk of being septic, with patients nested within site and site treated as a random effect. Results are reported as geometric means and 95% CI.
To ensure consistency of results across a stable population, sensitivity analysis was performed by repeating all analysis on a subpopulation of 63 hospitals that provided data for each of the 13 years of the study period. Statistical analysis was performed using SAS version 9.3 (SAS Institute).
Results
Of 1 037 115 patients treated in 171 ICUs during the study period, 101 064 (9.7%) had severe sepsis, and 15 471 (15.3%) were of younger age (≤44 years). Comorbidities were present in 36 915 patients (36.5%). The median numbers of ICU and hospital beds were 5 (IQR, 3-10) and 200 (IQR, 134-330), respectively. The ICU and hospital bed availability is presented in eFigure 1 in the Supplement. The incidence of all ICU admission and ICU admissions with severe sepsis is presented in eFigure 2 in the Supplement. The proportion of severe sepsis admissions to all ICU admissions increased from 7.2% (2708/35 012) to 11.1% (12 512/100 286) (eFigure 2). The OR for admission with severe sepsis was 1.54 (95% CI, 1.47-1.61) in 2012 (year 2000 as reference). To account for the change in the incidence in severe sepsis, the risk of being septic was determined using a logistic regression model and confirmed to have increased (eTable 1).
Mortality in Nonseptic Patients Over Study Period
Crude mortality decreased in all nonseptic patients (eFigure 3 in the Supplement). Adjusted mortality also decreased in non- 
Crude Hospital Mortality in Severe Sepsis With or Without Shock
Baseline characteristics and outcomes of patients with severe sepsis are presented in Table 1 . Over the entire study period, overall hospital mortality was 24.2% (95% CI, 23.9%-24.5%), but 33.1% (95% CI, 32.6%-33.6%) in patients with comorbidities and 19.1% (95% CI, 18.8%-19.4%) in those without (P < .001). Over the study period, mortality decreased from 35.0% (95% CI, 33.2%-36.8%; 949/2708) to 18.4% (95% CI, 17.8%-19.0%; 2300/12 512) (P < .001), an average annual decrease of 1.3% ( Figure 1 and Table 2 ). The changes in mortality in patients with severe sepsis and in severe sepsis subgroups are presented in Table 2 .
Crude Mortality in Younger Patients With Severe Sepsis With or Without Shock
The characteristics of younger patients (≤44 years, n = 15 471) are presented in eTable 2 in the Supplement. The changes in mortality in the subgroups of younger patients are presented in eTable 3 in the Supplement.
In 2012, mortality exceeded 15% in younger patients only in specific subgroups (eTable 3). Mortality exceeded 20% in 2012 only in younger patients with an APACHE II score of 25 or higher or within APACHE III quartile 4. In the absence of comorbidities and older age, mortality was less than 5% (eTable 3).
Adjusted Mortality in Patients With Severe Sepsis
On logistic regression for mortality, the OR for mortality in all patients with severe sepsis was 0.49 (95% CI, 0.46-0.52) in 2012 using 2000 as reference. There were linear trends toward a decreased OR for mortality throughout the study period in all patients with severe sepsis as well as in all subgroups from year 2000 to year 2012 (P < .001 for all) ( Figure 2 ). Table 3 ) (all P < .001 for interaction).
Changes in Outcomes Over Time
The annual increase in discharge to home was significantly greater among patients with severe sepsis compared with all nonseptic diagnoses (OR, 1.03 [95% CI, 1.02-1.03] vs 1.01 [95% CI, 1.01-1.01]; P < .001). Conversely, the annual increase in patients' discharge to rehabilitation facilities was significantly less in patients with severe sepsis compared with all other diagnoses (OR, 1.08 [95% CI, 1.07-1.09] vs 1.09 [95% CI, 1.09-1.10]; P < .001) (eFigure 4 in the Supplement). Sensitivity analysis performed on the 61% of data derived from the 63 hospitals that provided data for each of the 13 years closely replicated these findings (eTable 4 in the Supplement).
We also explored whether there were changes in the time of death (by hospital day) over time (eFigure 5 in the Supplement) and found that the decrease in mortality applied over the full course of hospital stay. Adjusted length of stay for deceased patients showed no trend (P = .74) (eFigure 6 in the Supplement).
Sensitivity Analyses
We analyzed trends in mortality in patients with severe sepsis by stratifying for hospital level, hospital size, and hospital length-of-stay quartiles (eFigure 7 in the Supplement). In addition, we analyzed all outcomes in the subgroup of ICUs that have steadily contributed to the adult ICU patient database Copyright 2014 American Medical Association. All rights reserved. from 2000 to 2012. The findings in these hospitals were the same as in the total cohort (eFigure 8 in the Supplement).
Discussion
We assessed whether the outcome of severe sepsis with or without shock in Australia and New Zealand has improved from 2000 to 2012. We found that hospital mortality decreased steadily throughout this period. The decrease was systematic and applied to all patients, including multiple subgroups. The decrease in mortality remained statistically significant after adjustments. The same improvement occurred in nonseptic patients, but such patients had lower rates of discharge to home and higher rates of discharge to rehabilitation. These findings were confirmed in sensitivity analyses stratified by hospital level, hospital size, and hospital length of stay and by using only centers that had reported data throughout the study period. In 2012 and in the absence of comorbidities and older age, the mortality rate of severe sepsis or septic shock in Australia and New Zealand was 4.6%. Error bars indicate 95% CI. tion, a Danish study comparing identification of septic shock from a national clinical database and screening of individual patient data found high accuracy in the diagnosis of septic shock, 28 supporting the likely robustness of our methodology. The year 2000 mortality was also the same as in the PROWESS study placebo group, supporting the external validity of our findings. 3 Detailed prospective observational data from Australia and New Zealand in 1999 reported a hospital mortality of 37.5% and 28-day mortality of 32.4%, 27 further confirming of the likely validity of our baseline year 2000 estimate of 35.0% mortality and suggesting that hospital mortality and 28-day mortality may be similar in Australia and New Zealand. We observed a systematic continuous trend toward lower mortality in severe sepsis. Similar decreases in mortality over time have been reported in other retrospective studies. 1, [29] [30] [31] The Surviving Sepsis Campaign has reported decreasing mortality rates in severe sepsis. 32 In the United States, the decrease in severe sepsis mortality varied from 1.1% to 1.9% annually during a 6-year period in all hospital patients 1 and a relative decrease by 51% during a 24-year period in ICU patients. 31 Variations in the definition of severe sepsis can explain differences in mortality rates among septic patients. 25, 33, 34 Large RCTs with mortality rates of 25.4% to 46.9% in the placebo group used the ACCP/SCCM criteria to define severe sepsis. 11, 12, 14, 35, 36 How- 60%, 12 50%, 14 and 45%, 35 whereas the respective observed mortalities were 25.4%, 39.3%, 42.9% to 45.8%, and 43%. In our study, we applied the same criteria during the entire observation period from 2000 to 2012 to study time-related changes in mortality. The decrease in mortality was consistent across all patient subgroups including analysis by different levels of disease severity and by adjustments for confounders. In the Surviving Sepsis Campaign, there were significantly different crude mortality rates, 41.1% in Europe vs 28.3% in the United States. However, when adjusted for disease severity, the difference disappeared. 37 Within the United States, mortality has been 17.9% 30 or 39% 38 when the same criteria for severe sepsis were applied to hospitalized patients with data retrieved from different databases. Our study reports data from 1 single database that, by 2012, covered more than 90% of all ICU admissions in Australia and New Zealand. Our findings remained after adjustments for illness severity, risk of developing sepsis, center effect, and hospital size effect; after sensitivity analysis; and after excluding the effect of patients discharged to other hospitals or to rehabilitation centers.
Implications of Study Findings
Our study provides evidence that sepsis-related mortality has steadily decreased over time even after adjustments for illness severity, center effect, regional effects, hospital size, risk of being septic, and other key variables. It is unclear whether any improvements in diagnostic procedures, earlier and broader-spectrum antibiotic treatment, or more aggressive supportive therapy according to severity of the disease 32,39 contributed to this change. The observation that an equivalent improvement occurred in nonseptic patients supports the view that overall changes in ICU practice rather than in the management of sepsis explain most of our findings. These changes in outcome remained after multiple adjustments for confounders, including illness severity, and even after taking into ac- Although no single explanation can be offered for our findings, they challenge the view that little progress has been made in the management of severe sepsis. They also suggest that outcomes for severe sepsis should be interpreted according to the year of data collection and that, on average, a yearly 1% improvement in crude mortality can be expected. Accordingly, RCTs in this field that last several years should consider this effect when estimating statistical power. Mortality in severe sepsis or septic shock appears lower than in published figures used for calculations of trial sample size. 6, [9] [10] [11] [12] [13] [14] [15] This overestimation of mortality may lead to underpowered studies and to potentially useful therapies being abandoned because of lack of evidence. 18 Finally, our findings provide a point of reference for current and evolving hospital mortality rates in septic patients overall and in specific subgroups of septic patients.
Strengths and Weaknesses
To our knowledge, our study is the only investigation of changes in mortality in septic ICU patients over an entire decade with adjustment for APACHE III risk of death and for multiple other relevant covariates and with identification and consistent use of the same full criteria for severe sepsis and septic shock on the day of admission. Second, we retrieved the data from a database that, by 2012, included more than 90% of all ICU admission in the binational area of Australia and New Zealand. The data were collected prospectively for routine quality surveillance purposes. Such data, therefore, are unlikely to be biased or affected by changing diagnostic criteria. Third, the size of the study cohort enabled robust annual analysis of mortality rates. Fourth, the findings were consistent in subgroups and consistent with existing literature. Finally, the incidence of severe sepsis in ICU patients was identical to that reported in the previous prospective study of the same ICUs. Our findings are limited by the fact that the diagnosis of severe sepsis only applied to patient characteristic during the first 24 hours in ICU. Thus, patients who developed severe sepsis later while in the ICU were not analyzed. The accuracy of severe sepsis diagnosis was not monitored, but the data were collected by trained collectors and we used physiological coding for systemic inflammatory response syndrome and organ failure, which are less subject to coding artifact. We also accounted for the APACHE admission diagnoses of sepsis as well as APACHE admission diagnoses for infection to ensure that diagnostic coding changes would not affect the capture of all severe sepsis. 42 In addition, the diagnostic criteria for severe sepsis were kept constant throughout the study, enabling us to detect changes in mortality over time in an unbiased way. Finally, we can only report hospital mortality, which may be higher than 28-day mortality 8, 27, 43 but is likely lower than 90-day mortality 10, 14 and can be used as a surrogate for 30-day mortality.
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Conclusions
In critically ill patients in Australia and New Zealand with severe sepsis with or without shock, there was a decrease in mortality from 2000 to 2012. These findings were accompanied by changes in the patterns of discharge to home, rehabilitation, and other hospitals.
